Abstract -The time synchronization is an important problem for wireless sensor networks.
As a distributed system, time synchronization is an important issue for wireless sensor networks. There are some reasons. First, the coordination and collaboration of sensor nodes need a common timescale. Second, the nodes must sleep and wake up at the same time, so they need synchronization. Third, scheduling algorithms such as TDMA need synchronization.
In general, time synchronization problem appears in many kinds of networks, for example, Internet and LANs. And, those traditional synchronization technologies used in them such as NTP [1] , GPS [2] [3], radio ranging, etc. can't be used directly in wireless sensor networks because of limited resources of energy, high density of nodes, etc. So, more research works have been done to design synchronization algorithms specifically for wireless sensor networks. Elson and Estrin proposed Post facto synchronization [5] which is a pioneering work in time synchronization in wireless sensor networks. Later, their Reference Broadcast Synchronization (RBS) protocol [4] was based on this synchronization scheme. In [6] , Romer proposed a synchronization algorithm which achieves about 1 ms precision with few overheads. Sichitiu and Veerarittiphan presented two lightweight synchronization algorithms mainly for sensor networks: Tiny-Sync and Mini-Sync [7] , with the assumption that the frequency of each clock can be approximately fixed. Lightweight Tree-Based Synchronization (LTS) [8] was proposed by Greunen and Rabaey, and its aim is to minimize the complexity of the synchronization. In [9] , more theoretical analyses about sensor network synchronization were given by Hu and Servetto. Elson and Romer gave an overview of the time synchronization issue in wireless sensor networks [10] . [ The purpose of the above synchronization methods was to synchronize the whole network, which cost much time and energy.
In this paper, we propose an efficient time synchronization scheme for wireless sensor networks. In the scheme, only a few nodes of the network are selected to synchronize to each other. We analyze the performance of our proposed scheme and perform simulation studies. Results show that our proposed scheme has higher time-efficiency and energy-efficiency than the traditional schemes in the literature.
The rest of this paper is organized as follows. The proposed synchronization scheme is presented in Section II. And, performance evaluations are given in Section III. Finally, Section IV gives the conclusions.
II. OUR PROPOSED SYNCHRONIZATION SCHEME
As we have mentioned above, wireless sensor networks can be applied in many fields, such as military applications, environment monitoring, transportation traffic monitoring, etc. In some applications, the synchronization has to be performed in the whole network. In other words, all the nodes of the whole network should be synchronized to each other in these applications. For example, when a wireless sensor network is used in environment monitoring, the whole network should be synchronized because all the nodes should have the same time for gathering environment parameters at any exact time. Therefore, in these applications, the traditional synchronization methods for wireless sensor networks should be performed [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] .
However, in other applications, the synchronization doesn't need to be performed in the whole networks. In other words, only a few nodes of the network need to be synchronized to each other. For example, when a wireless sensor network is applied in transportation traffic monitoring, only the nodes near the target vehicle should be synchronized to each other for detecting the speed, direction or other parameters of the target vehicle at any exact time. Therefore, we propose our efficient time synchronization scheme for wireless sensor networks, which selects a few nodes of the network to synchronize to each other according to the specific application purpose of the network. Figure 1 shows our proposed synchronization scheme. In this example, a wireless sensor network is used in transportation traffic monitoring to get the vehicles' speed. A target vehicle is shown in Figure 1 . Our purpose is to detect this vehicle's speed using the wireless sensor network. In the figure, we can see that only the several nodes around the vehicle are synchronized to each other for getting the vehicle's speed.
We focus on two nodes in the network, node1 and node 2. Assume that the time when the vehicle passed by the node 1 was T 1 , and the time when the vehicle passed by the node 2 was T 2 . Assume that the distance between node 1 and node 2 was D. Then we can get the speed of the vehicle is:
Because node1 and node 2 are synchronized, T1 and T2 are exact. Thus, the speed calculated by Equation 1 is exact. In other words, the purpose of the application in Figure 1 can be achieved when only a few nodes of the network are synchronized to each other. 
III. PERFORMANCE EVALUATION
As only a few nodes of the network are synchronized in our scheme, our scheme costs much less time and energy compared with the traditional synchronization methods. The performance of our scheme will be evaluated through three parameters: time-efficiency, energy-efficiency and synchronization error.
A. Time-efficiency
It is assumed that there are N nodes in the network. For traditional synchronization methods, the time to synchronize the whole network is:
Where t m is the time to transmit synchronization messages; t p is the time to process synchronization messages; t c is the time to adjust the clocks of nodes.
In our synchronization scheme, only pN nodes are synchronized to each other, where 0 1 p < < . The parameter p depends on the size of the specific target, such as the size of the vehicle in Figure 1 . Then, we get the synchronization time in our proposed scheme:
We find that the synchronization time decreases greatly in our proposed scheme compared with the traditional methods. In other words, our scheme has much higher time-efficiency than the traditional methods.
Through simulation, we compare the synchronization time of our scheme and traditional methods, as shown in Figure 2 . It can be seen that synchronization time of our scheme is much smaller than that of traditional methods, and the improvement increases as the number of all the nodes increases. When the number of nodes is 210, the improvement is more than 50%. 
B. Energy-efficiency
It is assumed that there are N nodes in the network. For traditional synchronization methods, the consumed energy to synchronize the whole network is:
Where e m is the consumed energy to transmit synchronization messages; e p is the consumed energy to process synchronization messages; e c is the consumed energy to adjust the clocks of nodes.
In our synchronization scheme, only pN nodes are synchronized to each other, where 0 1 p < < . The parameter p depends on the size of the specific target, such as the size of the vehicle in Figure 1 . Then, we get the consumed energy in our proposed scheme:
E pN e e e = + +
We find that the consumed energy decreases greatly in our proposed scheme compared with the traditional methods. In other words, our scheme has much higher energy-efficiency than the traditional methods.
When a network has higher energy-efficiency, it will has longer network lifetime. Thus, to compare energy-efficiency of our scheme and traditional methods, we can just compare the network lifetime of our scheme and traditional methods. Through simulation, the network lifetime of our scheme and that of traditional methods are compared in Figure 3 .
In Figure 3 , it can be seen that the network lifetime of our scheme is much longer than that of traditional methods, and the improvement increases as the number of all the nodes increases. When the number of nodes is 210, the improvement is more than 40%. 
C. Synchronization error
In the whole network, we discuss the average synchronization error of all the nodes through simulation. The result is shown in Figure 4 . It can be seen that synchronization error of our proposed scheme is much smaller than that of RBS [4] . The improvement increases as the number of all the nodes increases. When the number of nodes is 200, the improvement is more than 30%. The average synchronization error increases as the number of all the nodes increases in both schemes. When the number of all the nodes is large, the increasing speed of average synchronization error is low in both schemes. 
IV. CONCLUSION
The time synchronization scheme proposed in this paper is novel and efficient. As only a few nodes around the target are synchronized to each other, our proposed scheme has higher time-efficiency and energy-efficiency than the traditional synchronization methods. Moreover, simulations show that our proposed scheme has lower synchronization error than RBS [4] .
